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Morphine-6-glucuronide or substituted morphine-6-glucu-
ronide of formulae (I) is made by conjugation of a glucur-
onate ester and/or substituted glucuronate ester with mor-
phine or substituied morphine in the presence of a Lewis
acid catalyst and in the absence of silver catalysts and
barium hydroxide and other heavy metal derivatives.

17 Claims, No Drawings
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PROCESS FOR MAKING
MORPHINE-6-GLUCURONIDE OR
SUBSTITUTED
MORPHINE-6-GLUCURONIDE

This application 1s a continuation-in-part of International
Application PCT/GB92/01449, with an international filing
date of Aug. 4, 1992.

This invention relates to a process for making morphine-
6-glucuronide or substituted morphine-6-glucuronide.

Morphine-6-glucuronide (M6G) is a metabolite of mor-
phine in the human body and is a more powerful analgesic
than morphine itself (R. Osbome et al., The Lancet, 1988,
828 and literature cited therein). It has previously been
synthesised by H. Yoshimura et al., (Chem. Pharm. Bull,
1968, 16, 2114) and others e.g. (P-A Carrupt. et al., J. Med.
Chem., 1991, 34, 1272) using the Koenigs-Knorr procedure
whereby methyl (tri-O-acetyl-D-glucopyranosylbromide)u-
ronate is synthesised (G. N. Bollenback et al., J. Amer.
Chem. Soc., 1955, 77, 3310) and reacted with 3-acetylmor-
phine in the presence of silver carbonate in refluxing ben-
zene. The final isolation of morphine-6-glucuronide requires
liberating it from an insoluble barium salt prior o purfica-
tion by recrystallisation (H. Yoshimura et al. Chem. Pharm.
Bull., loc. cit. and P-A. Carrupt et al., J. Med. Chem., loc.
cit.). Morphine-6-glucuronide is now required 1n substantial
quantities for extensive biological and clinical evaluations.
The trace amounts of heavy metals from the Koenigs-Knorr
method of production can be very difficult to remove in the
final product. Another problem associated with the Koenigs-
Knorr reaction is that glycoside formation invoives an
unstable sugar derivative and a heterogenous reaction sys-
tem which leads to variable yields of the conjugate and
difficulties in purification when the synthesis of morphine-
6-glucuronide is carried out on a larger scale.

Similar problems were encountered on producing mor-
phine-3,6-diglucuronide. This compound 1s also of impor-
tance as a metabolite of morphine and 1ts monoglucuronides.

The present invention has been made from a consider-
ation of these problems.

It 1s the object of the present invention to provide new
preparations of morphine-6-glucuronide and morphine-3,6-
diglucuronide and their denivatives which use stable inter-
- mediates and avoid the Koenigs-Knorr procedure involving
the use of heavy metal derivatives e.g. silver and barium
reagents 1n the synthetic process.
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According to the present invention there 1s provided a
process for making morphine-6-glucuronide or substituted
morphine-6-glucuronide of the following formulae:

R 1
l
N

/\
[

Wherein R', R? and R® may be any of the following:

R'=alkyl, aryl, acyl, silyl, phosphate, sulphate, hydrogen
or glycoside.

\

=
-

OR?

/_ 3

RO

R*=glycoside ester group, acetyl group, B-D-glucuronyl
group, or hydrogen.
R> is alkyl,
aryl,
hydrogen,
alkoxy,

aryloxy,
halogen,

both methyl and —O each attached to the nitrogen of
the ring, or (CH,), X where X is NRR*, where nis an
integer and R and R* are hydrogen, alkyl, aryl or
acyl, or X is alkoxy, hydroxy, O-acyl, aryloxy or
halogen.

Positions 7,8 can be olefin as shown or dihydro-, dihy-
droxy-, hydroxyhalo-, epoxy-, dihalo-, hydrohalo-, hydro-
hydroxy-, or CXY (X,Y=halogen or hydrogen) adducts,

the method comprising the steps of conjugating a glucu-
ronate ester and/or a substituted glucuronate ester with
morphine or substituted morphine using acid catalysis to
yield the morphine glucuronate derivative, followed by
replacement of R' (of formula 1) by hydrogen and ester
hydrolysis of the glucuronate at R* (of formula 1).

Preferably R', R* and R’ of the morphine-6-glucuronide
or substituted morphine-6-glucuronide are present in one of
the following combinations:

R R’
3-D-glucuronyl methyl
(-D-glucuronyl methyl
methyl B-D-(2,3,4-tritsobutyryl)glncouronate methyl
methyl B-D-(2,3,4-triisobutyryl)glucourcnate methyl
methyl B-D-(2,3,4-triisobutyryl)glucouronate methyl
methyl 3-D-(2,3,4-triisobutyryl)glucouronate methyl
methyl B-D-(2,3,4-triisobutyryl)glucouronate methyl
methyl B-D-(2,3,4-tripivalyl)glucouronate methyl
methyl B-D-(2,3,4-triisobutyryl)glucouronate methyl
acetyl methyl
methyl B-D-(2,3,4-triacetyl)glucuronate methyl
methyl B-D-(2,3,4-tnisobutyryl)glicuronate methyl
3-D-glucuronyl methyl
3-D-glucuronyl methyl, — O
3-D-glucuronyl (CH,) X
where
X = NRR* R
and R4 being
H, alkyl, aryl

or acyl; OR or
halogen
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The morphine or substituted morphine may comprise the
following formula:

R3
|
N 5

[—y

/N 7

T W -
RIO/ O

10

OR?

wherein |

posittons 7,8 can be olefin as shown or dihydro-, dihy- 15
droxy-, hydroxyhalo-, epoxy-, dihalo-, hydrohalo-, hydro-
hydroxy-, or CXY (X,Y=halogen or hydrogen) adducts, and

wherein R*, R® and R®> may be any of the following
combinations:

20
RI RZ R3
H H methyl
acyl H alkyl
silyl H alkyl
alkyl H alkyl 25
aralkyl H alkyl
The glucuronate esters and substituted glucuronate esters
may comprise the following formulae: "
CO;R! 2
- O
H
orR? H/ ™4
R20 35
H OR?
Wherein
R'=alkyl or aryl,
R2=acy1, silyl, alkyl, benzyl or aryl and 40
X=0-acyl, OC(NH)CCl,, OC(NH)C(halogen),R,
hydroxyl, inorganic ester, e€.g. phosphate or sulphate
derivatives or halogen.
These compounds can be prepared by adapting the pro-

. . . . 45
cedure given in the specific examples of the present appli-
cation.

The glucuronate esters and substituted glucuronate esters
preferably comprise the following formulae:
CO,R! 2 30
35
H OR?
wherein R', R* and X comprise any of the following:
R? R2 X 60
methyl acetyl Br
alkyl acyl O— acyl
alkyl acyl OH
alkyl acyl O—C(NH)-CCl,
methyl acetyl o-Cl 65
methyl acetyl B-Cl1
methyl isobutyryl B-O-isobutyryl

-continued
R! R- X
methyl isobutyryl o-O-isobutyryl
methyl isobutyryl OH(o/B)
methyl 1sobutyryl o«-OH
methyl 1sobutyryl o-O—C(NH)CCl,
methyl isobutyryl Br (0/3)
methyl pivalyl B-O-pivalyl
methyl benzoyl (o/B)-0-benzoyl
These compounds can be prepared by adapting the pro-

cedure given in the specific examples of the present appli-

cation.

In a preferred embodiment of the present invention the
phenolic group of the morphine-6-glucuronide or substituted
morphine-6-glucuronide esters is protected. The protected
esters may then be 1solated. This is followed by alkaline or
enzymatic hydrolysis or removal of silyl protecting groups
using fluoride for example.

The process of the present invention avoids the use of
barium hydroxide and other heavy metals in the synthesis.

This invention uses D-glucurono-6,3-lactone which is
converted to esters of tetra-O-acyl-B-D-glucopyranuronates
2 (where the acyl group could include acetyl, propionyl,
butyryl, isobutyryl, pivalyl, and other esters of organic acids
as well as inorganic esters). The product could then be
condensed directly in the presence of a catalyst such as
trimethylsilyl trifiate or a Lewis acid, with morphine or a
derivative whereby the phenolic OH group is protected, e.g.
as a silyl, alkyl or aryl ether group or alternatively with an
acyl group such as acetyl, benzoyl, isobutyryl, pivalyl and
esters of other organic acid as well as inorganic esters. After
condensation, protecting groups can be removed by hydroly-
sis or other selective cleavage. An alternative method of
synthesis involves the selective cleavage at position 1 of the
ester tetra-O-acyl-B-D-glucopyranuronate (X of formula 2 is
O-acyl) to give the corresponding hemiacetal (X is OH)
followed by formation of the imidate (X is OC(NH)CCI,
using for example trichloroacetonitrile in the presence of
potassium carbonate or other group I metal carbonates rather
than the sodium hydride previously used for such transfor-
mations of sugar esters. (R. R. Schmidt, Angew., Chem., Int.
Ed. Engl. 1986, 25, 212). Condensation of the imidate in the
presence of a Lewis acid, e.g boron trifluoride etherate with
either morphine or a suitably protected derivative at position
3 leads to successful glycoside formation. Alternatively the

hemiacetal itself can be used or converted to derivatives
with other good leaving groups at C-1 for glycoside forma-
tion under acid catalysis.

The present invention has been used to produce a large
number of new compounds. These compounds include mor-
phine-6-glucuronide derivatives of the following formula:

’ |
N

/- \ 7

T e -
g 0

Wherein

Positions 7, 8 can be olefin as shown or dihydro-, dihy-
droxy-, hydroxyhalo-, epoxy-, dihalo-, hydrohalo-, hydro-
hydroxy-, or CXY (X,Y=halogen or hydrogen). adducts, and

Wherein R', R* and R’ may be any of the following
combinations:
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R! R~ R>
acetyl methyl §-D-(2,3,4-triisobutyryl)glucuronate methyl
benzoyl methyl 3-D-(2,3,4-triisobutyryl)glucuronate methyl
H methyl B-D-(2,3,4-triisobutyryl)glucouronate methyl
‘butyldimethylsilyl methyl B-D-(2,3,4-triisobutyryl)glucouronate methyl
isobutyryl methyl B-D-(2,3,4-triisobutyryljglucouronate methyl
pivalyl methyl B-1D-(2,3,4-tripivalyl)glucouronate methyl
pivalyl methyl B-D-(2,3,4-triisobutyryl)glucouronate methyl
methyl B-D-(2,3,4-triacetyl)glucuronate acetyl methyl
methyl B-D-(2,3,4-triisobutyryl)glucuronate H methyl
methyl B-D-(2,3,4-triacetyl)glucuronate methyl B-D-(2,3,4-triacetyl)glucuronate methyl
methyl 3-D-(2,3,4-triiscbutyryl)glucuronate methyl 3-D-(2,3,4-triisobutyryl)glucuronate methyl
1sobutyryl H methyl
prvalyl H methyl
H , B-D-glacuronyl methyl, —» O
H B-D-glucuronyl (CH,),. X
where
X = NRR% R
and R4 being
H, alkyl, aryl
or acyl; OR or
halogen

The process of the invention has also utilized a large
number of new sugars of the following formulae:

CO,R! 2

H OR?

Wherein R!, R? and X may be any of the following

combinations:

R! RZ X

methyl isobutyryl B-isobutyryl

methyl iscbutyryl ot-1sobutyryl

methyl isobutyryl OH (o/B)

methyl 1sobutyryl o-OH

methyl 1sobutyryl o-trichloroacetyl imidoyl

methyl isobutyryl Br (0/]3)

As specified previously these compounds can be prepared
by adapting the procedure given for the specific examples of
the present application.

The present invention is described in more detail by way
of the following non-limiting examples wherein all parts,
percentages and ratios are by weight and all temperatures are
in ° C. unless otherwise indicated:

EXAMPLES

Preparation of 3-acetylmorphine (1; R'=Ac, R*=H,
R>=Me).

To a stirred suspension of morphine (4 g, 14 mmol) in
10% agueous sodium bicarbonate (377 ml) was added acetic
anhydride (19 ml) over 8.5 minutes. 15 minutes after the
addition, ice cold water (300 ml) was added and the solution
was extracted with dichloromethane (200 ml). The organic
extract was washed with brine, dried over Na,50,, and the
solvent removed in vacuo to leave a sticky white residue.
Trituration with ether gave 3-acetylmorphine (3.68 g, 80%).
The corresponding 3-pivalyl, 3-isobutyryl, 3-propiony! and
other 3-acyl derivatives of morphine were also prepared.

25

30

35

40

45

50

55

60

65

Preparation of 3-tert-butyldimethylsilylmorphine
(TBDMS-morphine)

To a stirred su3pension of anhydrous morphine (7.01
mol) at —78° C. in anhydrous THF (15 ml) was added
16M butyllithium (4.8 ml, 0.492 g, 7.68 mmol) over &
minutes. 42 minutes later, a solution of TBDMS chiloride
(1.27 g, 8.43 mmol) in anhydrous THF (10 ml) was added
over 10 minutes. The mixture was left to warm up gradually
to room temperature overnight by which time all the mate-
rial had gone into solution. Water was then added to the
rixture which was extracted with dichloromethane several
times. The organic extracts were combined, washed with
brine, dried over Na,SQO,, filtered and the solvent removed
in vacuo to leave an off-white film. Chromatography over
silica using CH,CL,/MeOH (5:1) as eluent afforded the
product as a white solid (1.58 g, 56%). Recrystallization
from Et,O/petrol (boiling point 40°-60°) gave white crys-
talline needles (1.37 g), m.p.=120°-122° C.

Preparation of methyl
1,2,3,4-tetra-O-pivalylglucuronate.

To a suspension of glucuronolactone (10 g, 57 mmol) in
MeOH (53 ml) was added NaOMe powder (13 mg). The
mixture was left to stir overnight by which time all material
had gone into solution. The solvent was removed in vacuo
to leave a brown residue, which was dissolved in pyridine
(34 ml) and dichloromethane (35 ml) and then cooled to 0°
C. Pwalyl chloride (63 ml, 61.66 g, 0.511 mmol) was then
added over 2 hours keeping the reaction temperature below
15° C. The mixture was allowed to warm up gradually to
room temperature overnight. More dichloromethane was
then added, the mixture was washed with 1M HCl (5x40
mi), sodium bicarbonate (550 ml), and brine before drying
over Na,SQ,, filtering and evaporating to leave a pale
colored residue. Addition of petrol (boiling point 40°-60°)
and subsequent cooling in the refrigerator afforded a white
solid which was filtered, washed with more petrol (boiling
point 40°-60°) and dried in a vacuum oven at 40° C. (25 mm
Hg) to give the product (9.66 g, 32%) as white crystals, m.p.
149° C. The corresponding isobutyrate was made by an

analogous procedure.

Preparation of methyl 2,3,4-tri-O-acetylglucuronate
(2, R'=Me, R*=Ac, X=0H).

Ammonia gas pre-dried by passing it through a bed of
sodium hydroxide was bubbled through dichloromethane
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(200 ml) at —4° C. over 1 hour at a rate which kept the
temperature below 0° C. The sugar acetate (R'=Me, R?=Ac,
X=0Ac) (6 g, 16 mmol) was added to this solution which
was stirred at 0° C. for 3.5 hours and then left to stand at
room temperature. After 6 hours nitrogen gas was bubbled
through the yellow solution for 5 minutes and the mixture
left to stand for a further 9.5 hours. By this time some brown
gummy material had been deposited and t.l.c. on silica (1:1,
petrol (boiling point 40°-60°)/EtOAc) indicated that no
starting material was left. Nitrogen gas was then bubbled
through the solution for 20 minutes and the solution was
extracted with ice-cold 10% aqueous hydrochloric acid, then
water. After the two phases had been separated, the organic
layer was dried (Na,SQ,), filtered and the solvent removed
in vacuo to leave the crude product (3.83 g) as a white foam.
This product is a mixture of o and B anomers which can be
crystallized from chloroform/petrol (boiling point 40°-60°).
TLC: Ri=0.3 (1.1 petrol (boiling point 40°-60°)/EtOAc).IR:
3670-3120, 2940, 1710, 1440 cm™*

The corresponding isobutyrate was made in a similar way.

Preparation of methyl 2,3,4-tri-O-acetyl-1-O-
(trichloroacetimidoyl)-o-D-glucuronate (2; R'*=Me,
R%=Ac, X=OC(NH)CCL,)

To a solution of the preceding hemiacetal (2.8 g, 8.4
mmol) in dichloromethane (30 ml) at room temperature was
added trichloroacetonitrile (4.4 ml, 6.39 g, 43.9 mmol) and
the solution stirred for 10 minutes. Potassium carbonate was
then added and within minutes the mixture started to get
darker. After 30 hours it was filtered through a short pad of
silica, eluting with ether. The filtrate was concentrated in
vacuo to afford the crude product as a sticky pale yellow
solid (3.7 g, 93%) which was recrystallized from isopro-
panol as white crystals (3.1 g). m.p.=107°-108°
TLC: Rt=0.52 (1:1 petrol (boiling point 40°-60°)/EtOAc)
IR: 3320, 2980,:1720, 1680 cm™

(CDC15:8.76 (1H,bs,HN); 6.63 (1H,d,J=3.5 Hz,1-H); 5.63
(1H, t,J=0.7 Hz,4-H); 5.27 (1H, t,J=9.7 Hz,3-H) :5.15 (1H,
dd,J=3.5,9.7 Hz,2-H) ;4.49 (1H, d,J=9.7 Hz,5-H) ;3.75 (3H,
5,CO,Me); 2.05 (6H,s,Ac); 2.03 (3H,s,Ac).

The corresponding isobutyrate was made in a similar way.

Preparation of methyl
3-acetylmorphine-6-(2'3'4'-triisobutyryl)glucuronate.

1sobutyryl)glucuronate.

3-Acetylmorphine (0.372 g, 1.14 mmol) dried by azeotro-
ping with benzene was dissolved in dry dichloromethane (4
ml), the tri-isobutyryl imidate (2;X=0C(NH)CCl,, R'=Me,
R*=COPr’) (1.28 g, 2.28 mmol) and BF..Et,O (28 ul, 0.0323
g, 2.28 mmol) and 4A molecular sieves added. After stirring
at room temperature overnight the mixture was diluted with
dichloromethane, washed with sodium bicarbonate, water
and brine, dried over Na,SO, and the solvent removed in
vacuo to leave a pale brown residue (1.53 g). This was
chromatographed over silica (40 g) using CHCl,/MeOH
(40:1 to 9:1) as eluent to afford the product (0.52 g, 63%)
which can be recrystallized from absolute EtOH as off-white
crystals, m.p.=188°-189° C.

Preparation of morphine-6-glucuronide.

To a solution of the above glucuronate in MeOH (24 mi)
was added 5% aqueous NaOH (6 ml) and the mixture was
left to stir for 20 hours. T.l.c (n-BuOH/acetone/AcOH/5%
aq.NH,/water 45:15:10:10:20) showed that there were two

components one of which was M6G and the other morphine.
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The solution was transferred to a beaker and was acidified
with glacial acetic acid (7 ml) which took the pH of the
mixture to 5.5. Shortly after this pH was reached (5 min-
utes), a white solid started to precipitate. The suspension was
stirred for a further 30 minutes, the solid filtered and washed
with MeOH, and morphine-6-glucuronide (0.4 g, 52%) was
obtained after drying at 120° C. for 4 hours, m.p. 240°-243°
C. More M6G could be obtained by cooling the filtrate.

Preparation of dimethyl morphine-3,6-di
(2,3,4-triisobutyryl) glucuronate.

To a stirred suspension of morphine 7.02 mmol), the
triisobutyryl imidate (2) (R'=Me, R>=COPr’, X=OC(NH)
CCl;) (15.79 g 28.08 mml) and 4A molecular sieves in
dichloromethane (40 ml) at room temperature under argon
was added BF;.Et,O (3.53 ml, 3.98 g, 28.08 mmol). After
only 15 minutes virtually all of the starting material had
gone into solution, which was left to stir for 2 days. The
solution was diluted with dichloromethane, washed with
sodium bicarbonate, water, brine and dried over Na,SO,.
Filtration and evaporation afforded reddish brown gummy
crystals. Chromatography over silica (225 g) using CHCL./
MeOH (40:1-9:1) as eluent gave crude diglucuronate which
was crystallized by trituration with EtOH. After filtration
and drying the dimethyl morphine-3,6-di (2,3,4-triisobu-
tyryl) glucuronate (4.3 g), m.p.229°-230°, was obtained.
The filtrate was cooled in a refrigerator to afford a second
crop of product (277 mg).

C,H,N analysis: Found: C, 60.6; H, 6.9: N, 1.3
Css Hy5 NO,, requires C, 60.8; H, 6.9; N, 1.3.

Preparation of morphine-3,6-diglucuronide.

To a stirred suspension of the above dimethyl morphine-
3,6-diglucuronate (2 g, 1.84 mmol) in MeOH (60 ml) was
added 5% aqueous NaOH (10.3 ml). Most of the solid went
into solution after 15 minutes and the mixture was left to stir
overnight. The clear solution was then acidified with glacial
acetic acid to pH6 and the resulting precipitate was filtered
and washed with MeOH. Drying at 60° under high vacuum
gave crude morphine-3,6-diglucuronide (0.92 g) which was
recrystallized from hot water/MeOH, m.p. 243°-244° (dec.)

It is to be understood that the above described examples
are by way of illustration only. Many modifications and
variations are possible.

We claim:

1. A process for making a compound of the formula 1:

wherein

positions 7,8 can be olefin as shown or dihydro-, dihy-
droxy-, hydroxyhalo-, epoxy-, dihalo-, hydrohalo-,
hydrohydroxy-, or CXY (X,Y is halogen or hydrogen)
adducts, and
wherein

R is alkyl, aryl, acyl, silyl, phosphate, sulphate, hydrogen
or glycoside,
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R?is glycoside ester group, or B-D-glucuronyl group, and
R is alkyl,
aryl,
hydrogen,
alkoxy,
aryloxy,
halogen,
both methyl and —O each attached to nitrogen of the
ring, or (CH,), X where X is NRR*, OR or halogen
and wherein n is an integer and R and R" are
hydrogen, alkyl, aryl or acyl,
the process comprising the steps of using acid catalysis to
conjugate a glucuronate ester with morphine or substituted
morphine to obtain a morphine glucuronate derivative, fol-
lowed by replacement of R' (of formula 1) by hydrogen and
ester hydrolysis of the glucuronate at R* (of formula 1).
2. A process as claimed in claim 1, wherein the glucur-
onate ester comprises one of the following formulae:

COzR!

wherein

R’ is alkyl or aryl,

R? is acyl, silyl alkyl, benzyl, or aryl, and

X 1s O-acyl, OC(NH)CCl;, OC(NH)C(halogen),R,

hydroxyl, inorganic ester, or halogen.

3. A process as claimed in claim 1, wherein the compound
of formula 1 is a morphine-6-glucuronide or substituted
morphine-6-glucuronide and the phenolic hydroxide group
of the morphine-6-glucuronide ester or substituted mor-
phine-6-glucuronide ester 1S protected.

4. A process as claimed in claim 1, wherein the process
includes selective cleavage at position 1 of the glucuronate
esier to give the corresponding hemuacetal.

5. A process as claimed in ciaim 1 wherein said conju-
gation 1s in the presence of a Lewis acid catalyst.

6. A process as claimed in claim 1 wherein said conju-
gation 1S in the absence of silver catalysts and barium
hydroxide.

7. A process as claimed in claim 1 wherein R? is methyl
B-D-(2,3,4-triisobutyryl)glucuronate.

8. A process as claimed in claim 1 wherein R is methyl.

9. A process as claimed in claim 7 wherein R” is methyl.

10. A process as claimed in claim 1 wherein R is
(CH,), X wherein X is NRR*, OR, or halogen and wherein
R and R* is hydrogen, alkyl, aryl, or acyl.

11. A process as claimed in claim 1 wherein R* is
3-D-glucuronyl.

12. A process as claimed in claim 1 wherein said glucu-
ronate ester comprises an ester of a tetra-O-acyl-B-D-glu-
copyranuronate.

13. A process as claimed in claim 12 wherein the acyl
group is selected from the group consisting of acetyl,
propionyl, butyryl, isobutyryl, and pivalyl.

14. A process as claimed in claim 1, wherein R', R* and
R’ are one of the combinations selected from the group
consisting of combinations:

a) R! is hydrogen, R? is B-D-glucuronyl, and R> is methyl,
b) R! is B-D-glucuronyl, R? is B-D-glucuronyl, and R? is
ethyl,

c) R! is acetyl, R? is methyl B-D-(2,3,4-triisobutyryl)glu-
curonate, and R> is methyl,
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d) R' is benzoyl, R* is methyl B-D-(2,3,4-triisobutyryl)
glucuronate, and R is methyl,

e) R! is hydrogen, R* is methyl B-D-(2,3,4-triisobutyryl)
slucuronate, and R is methyl,

f) R! is ‘butyldimethylsilyl, R* is methyl B-D-(2,3,4-
triisobutyryl)glucuronate, and R> is methyl,

g) R! is isobutyryl, R is methyl B-D-(2,3,4-triisobutyryl)
glucuronate, and R° is methyl,

h) R’ is pivalyl, R? is methyl B-D-(2,3,4-tripivalyl)glu-
curonate, and R> is methyl,

i) R! is pivalyl, R? is methyl B-D-(2,3,4-triisobutyryl)glu-
curonate, and R is methy],

i) R! is methyl B-D-(2,3,4-triacetyl)glucuronate, R* is
methyl B-D-(2,3,4-triacetyl)glucuronate, and R’ is
methyl,

k) R' is B-D-(2,3,4-triisobutyryl)glucuronate, R* is
methyl B-D-(2,3,4-triisobutyryl)glucuronate, and R” is
methyl,

1) R! is methyl, R? is B-D-glucuronyl, and R> is methyl,

) R! is hydrogen, R? is B-D-glucuronyl, and R> is both

methyl and —O each attached to the nitrogen of the

ring, and
n) R! is hydrogen, R* is B-D-glucuronyl, and R’ is
(CH,), X wherein X is NRR* OR, or halogen and
wherein R and R* is hydrogen, alkyl, aryl, or acyl.
15. A process as claimed in claim 1, wherein the morphine
or substituted morphine comprises one of the following

formulae:
RS
|
N
8
/\ -:
/ E"‘\ 'I-" -:'
RIO O OR?
wherein

positions 7, 8 can be olefin as shown or dihydro-, dihy-
droxy-, hydroxyhalo-, epoxy-, dihalo-, hydrohalo-,
hydrohydroxy-, or CXY (X.,Y is halogen or hydrogen)
adducts, and

wherein R', R? and R’ are one of the combinations
selected from the group consisting of combinations:

a) R! is hydrogen, R? is hydrogen, and R° is methyl,

b) R! is acyl, R* is hydrogen, and R° is alkyl,

¢) R! is silyl, R? is hydrogen, and R° is alkyl,

d) R! is alkyl, R? is hydrogen, and R* is alkyl, and

e) R! is aralkyl, R? is hydrogen, and R is alkyl.

16. A process as claimed in claim 1, wherein the glucu-
ronate ester comprises one of the foliowing formulae:

CO,R!
L= O
H
orz 5/ 2

R°0O

H OR?

wherein R*, R* and X is a combination selected from the
group consisting of combinations:
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a) R' is methyl, R? is acetyl], and X is Br, hydrohydroxy-, or CXY (X,Y is halogen or hydrogen)
b) R' is alkyl, R? is acyl, and X is O-acyl, adducts, and

c) R' is alkyl, R is acyl, and X is OH,

d) R is alkyl, R* is acyl, and X is O—C(NH)CCl,,

e) R' is methyl, R* is acetyl, and X is a-Cl, 5
f) R* is methyl, R? is acetyl, and X is B-Cl,

g) R' is methyl, R? is isobutyryl, and X is B-O-

wherein R', R?, and R>® are one of the combinations
selected from the group consisting of combinations:
a) R is acetyl, R* is methyl B-D-(2,3,4-triisobutyryl)
glucuronate, and R? is methyl,
b) R' is benzoyl, R* is methyl $-D-(2,3,4-triisobutyryl)

1sobutyryl, 3 .
: .. . tucuronate, and R” is methyl
h) R! thyl, R2 butyryl, and X is a-O- 5 ’ ’
) isobtitirrlﬁ,e 4 15 150DULyLyS, an e 10 c) R! is hydrogen, R? is I;mthyl B-D-(2,3,4-triisobu-
i) R! is methyl, R? is isobutyryl, and X is OH (o/B), tyryl)glucuronate, and R™is methyl,
j) R is methyl, R? is isobutyryl, and X is a-OH, d) R" is "butyldimethylsilyl, R* is methyl 3-D-(2,3,4-
k) R' is methyl, R? is isobutyryl, and X is o-O- triissobutyryl)glucuronate, and R> is methyl,
C(NH)CCl,, e) R' is isobutyryl, R? is methyl B-D-(2,3,4-triisobu-
) R? 1is methyl, R* 2i,s,_ism_::autyrj,rl,, and X 1s Br (C_t/B), 1 tyryDglucuronate, and R is methyl,
m) R" is methyl, R” is pivalyl, and X is B-O-pivalyl, f) R! is pivalyl, R? is methyl B-D-(2,3,4-tripivalyl)glu-
| ancll _ . _ curonate, and R> is methyl,
) bR 15 Ime:thyl, R” 1s benzoyl, and X is (o/B)-O- g) R' is pivalyl, R? is methyl B-D-(2,3 4-triisobutyryl)
enzoyl. 3 .
_ 20 glucuronate, and R~ is methyl,

17. A compound selected from the following formulae: h) R! is methyl B-D-(2,3,4-triacetyl)glucuronate, R? is
R3 1 methyl B-D-(2,3,4-triacetyl)glucuronate, and R? is
| methyl, |

/N i) R' is B-D-(2,3,4-triisobutyryl)elucuronate, R* is
25 methyl B-D-(2,3,4-triisobutyryl)glucuronate, and R3
: 1s methyl,
/ \ \ ? j) R* is hydrogen, R? is B-D-glucuronyl, and R? is both
/ methyl and —O each attached to the nitrogen of the
— ‘ ring, and
R10/ o - OR? 30 k) R is hydrogen, R? is B-D-glucuronyl, and R3 is
| (CH,), X wherein X is NRR®, OR, or halogen and
wherein wherein R and R* is hydrogen, alkyl, aryl, or acyl.

positions 7, 8 can be olefin as shown or dihydro-, dihy-
droxy-, hydroxyhalo-, epoxy-, dihalo-, hydrohalo-, * ¥ ok k%
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